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A6aaoa B.M. H np. 

nornoWeHue OTpHUaTenbHblX ITHOHOB Slilp8MH BHCMyTa, 

CBHHUa H TannHSI 

PI5 - 10684 

3KC!TepHMeHTanbHO HCCneuoBaHO o6pa30B811He pa3nH'IIIblX H30TO!TOB 

ll H30MepOB !IpH nornoweHHH OCTSHOBHBWHXCSI OTpHUaTenbHblX !THOHOB 

S1Up8MH BHCMyTa, CBHHU8 H T8MHSI, 

noK838HO, 'ITO 'IHCnO np -KnacrepoB HB lTOBepXHOCTH TSilKenhiX S!Uep 

IWMHoro 6onhwe qucna pp -JmacrepoB. 

PnGora Bbmonueua B fla6oparopuu HnepHbiX npo6neM OVISH1. 

Openp•RT Ot5WJIII•e••oro DCT•TYT& ... CpJIWZ •cc.ne .. oaaul ,,llyCSu 1977 

Abazov V.M. et al. P15 - 10684 

Absorption of Negative Pions by Bismuth, Lead 
and Thallium Nuclei 

Production of different isotopes and isomers in 
absorption of stopped negative pions by bismuth, lead 
and thallium nuclei is experimentally investigated. 
It is shown that the number of np clusters on the surface 
of heavy nuclei is considerably greater than that of 
pp clusters. 

The investigation has been performed at the 
Lab0ratory of Nuclear Problems, JINR. 
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1. BeeoeHue 

I I 2 I 
B uamux npe~LI~ymux pa6oTax' ' I coo6manucL peJynL-

TaTLI uccne~oaaHH.II 3MHCCHH ueiiTpouoa a peaKUH.IIX Bi+IT
H Pb +IT- . 

B uacToHmeii pa6oTe paccMaTpuaaeTc.ll, noMHMO 3MHc
CHH ueiiTpouoa, H BLmeT Jap.ll)l(eHHLIX qacTHU. KpoMe Toro, 
anepable coo6maiOTC.II peJynLTaTLI uccne~oBaHH.II peaKUHH 
Tl +IT- . ,naHHLie o BLIXO~ax paJnH'iHLIX HlOTonoB H B03-
6y>K~eHHe BbiCOKOCllHHOBblX H30MepoB 06Cy>K~aiOTC.II B paM
KaX npe~cTaBneHH.II KnacTepuoii CTPYKTYPLI .11~pa. 

2. HoeHmu~uKaijUJI npooyKmoe peaKijuu 

PeJynLTaTLI u~eHTH~HKaUHH HlOTonoB, o6pa3oBaBmux
CJI llpH nornomeHHH llHOHOB B HCCne~yeMbiX MHWeH.IIX, C0-
6paHbl B ma6.11. 1-3, a THnH'iHLie cneKTPLI raMMa- nyqeii 
npHBe~eHLI ua puc. 1-3. 113 Ta6nuu BH~Ho, 'iTO qucno uc
nycKaeMLIX HyKnOHOB ~OCTHraeT 15. qeTKO H~eHTH~HUH

poBaHbl .ll~pa C 3ap.II~OM Ha ~Be e~HHHUbl MeHLWe, 'ieM y 
.ll~pa-MHWeHH, 'iTO CBH~eTenLCTByeT 0 cymeCTBOBaHHH Ta
KHX KauanoB peaKUHH, Kor~a Hl .11~pa uap.11~y c ueB:Tpoua
MH BLineTaeT o~HH npoTOH. EcTeCTBeuuo, MeTo~HKa u~eu
TH~HK~UHH OCTaTO'iHblX Jl~ep He ll03BOnJleT OTnH'iHTL cny
qau HCllYCKaHH.II' 3apJI)I(eHHblX qaCTHU p , d , t B peaKUHJIX 

IT- pp ... pn, 

IT-a ... p3n, d2n, tn. 
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Puc. 3. CneKmp zaMMa- Ay'leii u3omonoe, o6pa3yror~~uxcJI 
e peaKl#UU Tl+ rr - . 

Mbl ycTaHaBJIHBaeM JIHWb TOT <f>aKT, 'ITO H3 H,II.pa BbJJieTenu 

nu6o O~HH HeihpoHbl u o6pa3oBanocb Jl,II.po c JapJI.IJ.OM Z-1, 
nu6o BbJJieTena eme o.n.Ha qacTuu.a c noJIO)I(HTeJibHbJM Japg

.IJ.OM u o6paJoBanocb Jl,II.po c JapJI.IJ.OM Z-2. 
O.n.HaKo .n.aHHhle o cneKTpax npoTOHOB u BepoJITHOCTH 

BbiJieTa .n.eii:TpOHOB H TpHTOHOB /l 3 / CBH,IJ.eTeJibCTBYIOT 06 

OTHOCHTeJibHO- MaJIOH pOJIH a - 'laCTH'IHOrO MeXaHH3Ma llO 

cpaBHeHHIO c KBaJu.n.euTpOHHhlM. KpoMe Toro, .n.ocTaTO'IHO 

6onbwou KYJIOHOBCKHH 6apbep y Jl,II.ep B uccne.n.yeMoH o6-

nacTu ,IJ.aeT OCHOBaHHJI C'IHTaTb, 'ITO BbiJieT 3apJI)I(eHHbiX 

'laCTHU. Ha cTa.n.uu ucnapuTeJibHoro npou.ecca HeBoJMO)I(eH. 

3. BbtcoKocnuHoBbte U3oMepbt 

B pa6oTaX: /3,4/ 6hlJIO llOKaJaHO, 'ITO B036y)I(,IJ.eHHe 

BbiCOKOCllHHOBhlX Jl,II.epHhlX COCTOJIHHH llpH norJIOll{eHHH llHO

Ha Ha6mo.n.aeTCJI He_ TOJibKO B Jl,II.pax C 3apJI,IJ.OM Z-1, HO 

H B Jl,IJ.pax C 3apJI,II.OM Z -2. 
IlOCKOJibKY BhlCOKOCllHHOBhle COCTOJIHHJI Jl,IJ.ep C 3apJI,IJ.OM 

Z-2 MoryT 6hlTb 3aceneHhl eme B peJyJibTaTe {3+-pac-
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na)l.a, TO BLIBO)l. 0 He3aBHCHMOCTH BOa6y)l()J;eHHJI TaKHX CO· 

CTOJIHHH OT 3apJI)l.OBOrO COCTaBa HCnycKaeMLIX qaCTHI.{ 

)l.eJiaJICJI BeCLMa KOCBeHHO, a HMeHHO, B pe3yJILTaTe HC· 

CJie)l.OBaHHJI H3MeHeHHJI CKOpOCTH pacna)l.a 3THX Jl)l.ep. 

B HaCTOJIIUeH pa6oTe Ha OCHOBaHHH H)l.eHTHtiiHKal{HH 

BLICOKOCllHHOBLIX H30MepoB 200m Au , 198mAu , 196 mAu 

(J77 ,. 12-) cpe,li;H npo.D.yKTOB peaKI.{HH Tl + 11- HaH6onee Ha

rJIJI,li;HLIM o6pa30M llOKa3aHa cnpaBe)l.JIHBOCTL BbiWeCKa3aH· 

HOrO YTBep)l()J;eHHJI. 3TH H30MepLI CaMH HCfihiThiBaiOT f3-
pacna)l., H ll03TOMY OHH MOrJIH o6pa30BaThCJI TOJILKO B 

peaKI.{HH Tl ( 11- , pxn ). 3ToT timKT no3BOJIJieT HaM rny6:>Ke 

noHJITL HeKoTopLie .IJ.eTaJIH JI,ll;epHoro nornoiUeHHJI nHoHa. 

a/ EcnH JaxsaT nHoHa npoHCXO.IJ.HT KBa3H.D.eiiTpOHHOH 

pn -napoii, TO 3HeprHJI nHoHa nopoBHY nepe,ll;aeTcJI npoTOHY 

H HeiiTpoHy. Kor.D.a Hl JI.D.pa BLIJieTaeT 6wcTpLiii npoToH, 

a HeHTpOH "3aCTpesaeT" B HeM, TO OCTaToqHoe JI)l.pO C 

3apJI.IJ.OM Z-2 npHo6peTaeT 6onLwoB: yrnosoii MOMeHT. 

3Ta CHTyal{HJI aHanorHqHa cnyqaro, KOr.D.a nHoH JaxsaTLJBa

eTcJI 0 p- nap_OH H O)l.HH H3 6LICTphiX HeHTpOHOB BLIJieTaeT 

H3 B.IJ.pa c Z-1 H JaKpyqHsaeT ero. EcnH :>Ke B peaKI.{HH 

11- pp-+ pn BhiJieTaeT HeiiTpoH, a npoTOH ocTaeTCJI B B.IJ.pe, 

TO OCTaToqHoe JI)l.pO TaK:>Ke 6y)l.eT HMeTL 60JihWOH yrJIOBOH 

MOMeHT, HO ero 3apJI)l. OCTaeTCJI paBHLIM Z-1. 
6/ qTo KacaeTCJI a -qacTHqHoro MexaHH3Ma nornoiUe

HHJI, TO 3HepreTHqeCKHH cneKTp npOTOHOB 6y)l.eT 3HaqH

TeJILHO MJirqe, qeM npH KBa3H)l.eHTpOHHOM norJIOIUeHHH, 

TaK KaK 3HeprHJI "'140 M3B pacnpe.IJ.eJIJieTcJI Me)l()J;y 'le

TLIPLMJI qacTHI.{aMH p 3 n. IIo- BH.D.HMOMY, 3TH HYKJIOHhl, 

BhiJieTaJI H3 Jl)l.pa, He CMOryT 3aKpyTHTL ero )l.O 60JihWHX 

yrJIOBLIX MOMeHTOB, T.e. aJILtiJa·'laCTHqHhiH MeXaHH3M He 

MO:>KeT HrpaTL 60JILWOH pOJIH B B036y:>K)l.eHHH BWCOKOCfiH· 

HOBLIX COCTOJIHHH Jl)l.pa. 

4. "H3o6apHoe 011JHOUI€HUe" U 11J€KC11Jypa 

JIOepHOU noeepXHOCIIJU 

J.flo6apHLIM OTHOWeHHeM Mhl Ha3hiBaeM OTHOWeHHe He-

3aBHCHMLIX BLIXO)l.OB /ceqeHHH o6pa30BaHHJI/ .D.BYX H306ap

HLIX Jl)l.ep. 
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B HaCTOJIII.\eH pa6oTe onpe,ll;eJIJIJIOCb OTHoweHue ceqeHHH 

o6pa30BaHHJI H30TOllOB 200pb H 200 Tl B pe3yJILTaTe peaK

l{HH Bi ( 11- , 9n) H Bi ( 11-: p Sn ). 
llOCKOJILKY H30TOllLI 200pb H 2 00Tl HMeiOT ,li;OCTaToqHo 

60JILWHe /21,5 H 26,1 troCa COOTBeTCTBeHHO/ nepHO)l.LI 

nonypacna.D.a, cneKTP raMMa-nyqeu o6nyqeHHOH nHoHaMH 

BHCMYTOBOH MHWeHH qepe3 )J;eCJITKH qaCOB CO,ll;ep:>KHT npeH· 

Myll{eCTBeHHO JIHHHH JTHX H30Tonos I puc. 4/. 
Ha ocHoBaHHH ypasHeHHJI lia TeMaHa- Py6uHcoHa 151 MO

)l(eT 6LITL nonyqeHo cne)J;yiOII.\ee paseHcTso: 

.!!(~+ AI )=~+~-. 
F. a 1 AI-A 2 I 1 A 1-A 2 

3,~J;ecL 

·I -A· t 1 -A· t 2 -A.t 3 F. =A. (1-e 1 )e 1 (1-e 1 
); 

1 1 

Ii,.,si/fiKi(i 

I . 1 v 200 Pb . 2 v 200 Tl I 1 = - cnyqau , a 1 "" - cnyqau ; s -
nnoll.\a,li;L !l>oTonuKa raMMa-nuHuu; f , K , < - cooTBeT-

CTBYIOll{He 3HaqeHHJI KBaHTOBOrO BbiXO)l.a, K034>!l>Hl{HeHTa 

caMonornoll{eHHJI u 34>!l>eKTHBHOCTH perHcTpanuu; t 
1 

, t 
2

, 

t 3 - speMeHa o6nyqeHHJI, oxJia)l(,ll;eHHJI u H3MepeHHJI. 

HaKJIOHHaB npBMaB Ha puc. 5 npe.D.cTaBnBeT co6o8 Ja

BHCHMOCTL a
2 

I a l OT I 
2 

/I 
1 

B cnyqae 200 Tl u 200 Pb npH 

t l = 10 '-1, t 
2 

= 8 '-l H t
3 

= 0,5 '-1, Bbi6paHHLIX B 3KCnepu

MeHTe. 

BepTHKaJILHLie oTpe 3KH npJIMLIX noKa3LJBaiOT 3Kcnepu

MeHTaJILHLie- 3Ha'leHHB I 2 /I l H HX CTaTHCTHqecKHe BeCa. 

20 3Ha'leHHH I 2 /I 1- nony'leHLI .D.JIB scesoJMO)I(HhiX 

KOM6HHanuu tieTLJpex y -nHHHH 200 Ph u nBTH y ·JIHHHH 

200 Tl 1 puc. 4/. 
A CTaTHCTH'IeCKHe Beca OT)l.eJibHLIX 3Ha'leHHH I

2 
/I I 

s s 
onpe,~J;eneHLI KaK W =v 1 2 • CTpenKaMu noKaJaHLI Hau6o-

s I +S 2 

7 



(:1Dhi'9Z) 

c: 
a> 
• 

c: 
cD 
g. 
• ~ j::' 

0 0 
0 0 N\) 

b< 
+ 
en 

ra 

11ooz L'SOll - ln~~ 
J 0 ~ @ 

f g 
j ~ 
~ ~ 

1100Z l£'9l9- --=' r§ lo 
0 
(:::! 

0 
~<t 
-< 

<t 

-c=? ~ 0 :I: 
-c-' lg~ -=i 

11ooz 9Z'SL 5 -

~ 

~1 
,§~ 

.J 
-o 
o:I: 
0 
a> 

~ 

'ldooz 5'057 ~ J == ~ 
= tg 
.3 
.I f~ 

llooz L6'L9£ -------=====::::::;;;;;;;;;;;;;~;;:: 

_j io 

Cldooz { sr'tsl'3t. ~ 
fO 

Z9'SEZ-
I"' 

_J 
fs 

= 
~ .. fg 

iPDh7'6)QdiOZOff ------=======:::::::::: 
-(:lDh zs)qdmz sa --·--· 

(:lDhS'IZ)'ldooz f9'L71-

~ 

8 

II -... 
........ 
:s 
:z: 
c:.l 
:I 
:s 
~ 

':S 
0 
Q) 

0 
IS .... 
~ 
tJ 
:s 
Q) 

':S" c:.I;J" 
;!"II) 

~0 
e:, II 
~ ('!') 

~ ... 
t:S 
!\1 ;!"~ 

~00 
:.: .... 
~ II 

t.,) C'l ... 
~ ~ ;!" 

uO 
:s .... 
~II 

... 

• 

.... 

"' 

nee aepoRTHoe u cpe.n;uee B3Beweuuoe 3Ha'leHHR 12 I 11. 

COOTBeTCTBYIOlQHe 3Ha'leHHR H3o6apuoro OTHOWeHHR IJI = 
o 1-/o 2 paBHbl 14,0±1,01 H 111,0±5,61. 3TO 03Ha'laeT, 

'ITO .IJ;OMHHHPYIOll\HM KaHanoM peaKIJ,HH nornomeHHR llHOHa 
TR:>KellbiMH R.IJ;paMH RBnReTCJI HCDYCKaHHe HeifTpOHOB. 

~nJI Toro, 'IT06bl CBR3aTL nonyqeuuoe H3o6apuoe oT
uoweuue co CTPYKTypoB: noaepxuocTH JI,n;pa, paccMoTpHM 
OCHOBHble KaHallbl peaKIJ,HH, npHBO.IJ;JilQHe B o6pa30BaHHIO 
200 Pb H 200Tl . 

HJoTon 200 Pb MO:>KeT o6pa3oBaTLCJI B cne.n;yromux npo
u.eccax: 
,- np--. nn u nornolQeuue o.n;uoro H3 ueiiTpouoB, /II 
rr- pp --. pn u nornomeuue npoToua, /21 
rr- pp--. p n u nepe3apJI.IJ.Ka BLineTaJOmero npoToua, 131 
TT-a --.p3n,d2n, tn u nornomeuue p,dt. 141 

A H30TOn 200Tl MO:>KeT o6pa30BaTbCJI B npou.eccax: 
" pp --. pn u nornomeuue ueiiTpoua, 151 
1r-np --. nn H nepe3apJI.IJ.Ka BbtneTaiOlQero ueB:Tpoua,/61 
TT np .. nn H nO.IJ.XBaT npoToHa BblneTaiOIUHM 

ueiiTpouoM , 17 I 
TT-a .. p3n, d2n, tn u BbtneT p,d,t. /81 

TepMuu "nornomeuue" ao BTOPH'IHLIX BJauMo.IJ.eiicT
BHJIX BKlliO'IaeT KaK BHYTPHJI.IJ.epHbiH KaCKa.IJ., TaK H HCnapu
TenbHbiH npou.ecc, np_H KOTOpbiX npOHCXO.IJ.HT 3MHCCHJI 8 ueHT
pOHOB. flpOIJ,eCCbl /4/ H 181 HMeiOT OTHOCHTenbHO ManyiO 
BepOJITHOCTb. 3TO Clle.IJ.yeT H3 Toro, 'ITO OCHOBHYIO 'laCTb 
3apJI:>KeHHblX 'laCTHIJ, npH TT - 3aXBa Te COCTaBllJIIOT npOTO
Hbl I 131 ,KOTOpbie, no BCeH BepOJITHOCTH, JIBllJIIOTCJI npO.IJ.YK
TaMH KBa3H.IJ.eHTpouuoB: peaKU.HH. BepoRTHOCTL auyTpeuue
ro no.IJ.xBaTa npoToua lpeaKU.HJI 1711 no Toil :>Ke npuquue 
MO:>KHO C'IHTaTb Manon BenH'IHHOH. llpoiJ,eCCbl nepe3apJI.IJ.KH 
/peaKU.HH /31 u /6/ I TaK:>Ke urpa10T ueJHa'IHTenLHYIO ponL. 

TaKHM o6pa30M, npHHHMaR BO BHHMauue TOnbKO peaK
U.HH /II, 12/ H 151, Mbl MO:>KeM ycTaHOBHTb CBJ13b Me:>K.IJ.Y 
3KCnepHMeHTanbHbiM H306apHbiM OTHOWeHHeM IJI H OTHO
WeHHeM KOllH'IeCTB np- H p p -KnacTepOB Ha llOBepXHOCTH 

JI.IJ.pa: N 
R-~- '1'-1 

- NPP- 2 
~nJI R, KaK u .IJ.nR 'I', Mbl HMeeM .IJ.Ba 3Ha'leHHR: uau6onee 
aepoRTuoe - 11 ,5±0,51 u cpe.nuee B3Beweuuoe - 15,0±2,81. 
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Oil a; 

0,3 0.94(~+5.676}=-f, +4.676 

w 
1,0 

0,2 0,8 

0,6 

0,1 0,4 

0,2 

0,4 0,5 0,6 0,7 0,8 0,9 1,0 

Puc. 5. 3aeucuMocmb omHoweHu.R a~ a 1 
ebJxoooe 200Tl u 20° Pb e peaK!IUU Hi+ rr
ux KYMY/l.R1/IU6HbiX 6biX0006 I 2/1 1- • 

5. 06cyJICOeHue pe3y/lbmamoe 

12/1, 
He3Q6UCUMbiX 
0111 01/IHOUleHU.R 

5.1. 0.IJ.HHM H3 BbiBO.IJ.OB, BbiTeKaiOII.\HX H3 pe3ynbTaToB 

npoBe,IJ,eHHOrO 3KCnepHMeHTa, HBnHeTCH He3aBHCHMOe no,IJ,

TBep:>K,IJ,eHHe Cyll.\eCTBOBaHHH ,IJ,HnpOTOHHbiX KnacTepoB Ha 

H,IJ,epHOH noaepXHOCTH /nyHKT 3/. fiony'leHHbiH pe3yllbTaT 

10 

Jt 

I 

l , 

cornacyeTCH c ,IJ,aHHbiMH B.lf.KoMapoaa H ,IJ,pyrHx 161, Ha-

6niO,IJ,aBWHX BblneT KOppenHpOBaHHbiX nap npOTOHOB no,IJ, 

ManbiMH yrnaMH npH B3aHMO,IJ,eHCTBHH npOTOHOB BbiCOKOH 

3HeprHH C H,D,pOM. 3TOT BbiBO,!J, COBna,IJ,aeT TaK>Ke C H3BeCT-
u u + 

HOH HHTepnpeTai.J,HeH BblneTa BbiCOK03HepreTH'IHbiX Io -
rHnepoHOB npH 3axaaTe OTPHUaTenbHblX KaoHoB H.IJ.POM 17 I 
KaK pe3ynbTaTa peaKI.J,HH K-pp .... I +n H K- pp .... I 0

n 

/6e3Me30HHOe nornoll.\eHHe/. 

5.2. )J.pyrHM Ba>KHblM BbiBO,!J,OM 3KCnepHMeHTa HBnHeT

CH o6Hapy>KeHHe npeHMyll.\eCTBeHHoro o6orall.\eHHH noaepx

HOCTH T H>Kenoro H,D,pa n p - KnacTepaMH no cpaaHeHHIO c 

pp -Knac"TepaMH. 3To HBneHHe xopowo H3BeCTHO ,IJ,nH nerKHX 

H,IJ,ep 18-12 I. B o6nacTH T H>KenhiX H,IJ,ep HMeiOTCH TonhKO 

aecbMa HeTO'IHbie ,IJ,aHHble ,IJ,nH Pb: R = 4,7+4,7
111

/B nHTe

paType C00611.\allOCb 1141, 'ITO ,!J,llJ! TH>KellblX ~,IJ,ep HeKOTOpble 

Hccne,IJ,oBa TenH nony'IHnH R << 1. B ma6/l. 4 co6paHbl ace 

H3BeCTHble HaM 3KCnepHMeHTallbHbie ,IJ,aHHbie. 

Mbl BH,!J,HM, 'ITO nerKHe H TH>Kenble H,D,pa HeCHllbHO pa3-

nH'IaiOTCH no aenH'IHHe R. OTMeTHM, 'ITO TeopeTH'IeCKHe 

OI.J,eHKH 115-211 3TOH BellH'IHHbl BeCbMa npOTHBOpe'IHBbl H 

Kone6niOTCH B npe,D,enax OT 0,3 .IJ.O 5,0. 

B pa6oTe 122 -:naHa llJopMyna: R = 5N/Z , 

r,IJ,e N - 'IHcno HeiiTpOHOB, 

Z - 'IHCllO npOTOHOB B H,IJ,pe. 

CornacHo 3TOH llJopMyne ,IJ,nH 209Bi R = 7,7. 3To 3Ha-

qeHHe He npOTHBOpe'IHT pe3yllbTaTy Hawero 3KCnepHMeHTa; 

R = 5,0±2,8. 

ABTOpbi 6naro,IJ,apHbl npollJeccopaM B .IT.)J.:>Kenenoay, 

JI.lf.JianH.D.YCY, K • .H.rpoMoay, C.M.llonHKaHOBY 3a no,IJ,

,IJ,ep>KKY 3KCnepHMeHTa. 
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Ta6Aut~a 1 -...., 
A Pb Tl 

1112 J" E V" /K3B/ T112 J' E~/K3B/ 

204 ~ 66.9 MUH. g--
o• 289.3 374.7 899.2 9117 

38nem 2-

203m 6.1 CE'K 13/2+ 820.1 825.2 -
g 52.140C 3/T 2792 401.3 680 7 00 1/2+ 

m 3.62LIOC g-- 1486 2119 240 8 3899 4221 4597 05 HCE'K ?"' 
202 3x10~er o· 490.5 657.5 7869 960.7 2-g 12gH 4402 5098 5215 

201 m 61CE'K 13/2+ 629 21 MCE'K 9/2-
g 9.440C 5/2- 3312 3613 584 5 692 3 7673 803.7 73540C 1/2- 1353 1674 

8252 907.5 945 8 10699 1088810985 
1148.411577 1238.7 1277.2 1308.5 

200m o• 37MCE'K 7+ 
g 21.5YOC 1476 1613 235.6 2572 2684 289.9 26140C 2- 3679 579.3 6614 828.3 886.2 

302.9 120571225.51273.513629 1407.6 

199 m 12.2 MUH. 13/2+ 424 0 I~., '1CE'K 9/2-
g 90 MUH SIT 353.4 366.9 510.9 720.2 7539 7( 74 lOC 112"' 158.4 195.1 208.2 2472 455.1 

781.5 8387 874.8 9379 10051102S. 
10481 1052.7 1115.1 1121.0 1135.0 1161.:.. 
1171.0 12390 135861382.714019 1502 0 
16107 16584 17497 

m - l8740C 7+ 282.8 411.8 489.6 519.2 5872 
198 o• 636.7 767.3 

g 24"fOC 1734 259.5 2903 4678 575.0 605.9 53 40C 2- 234.8 331.6 4118 636.7 675.8 759.6 
649.0 743.0 865.3 798.7 1007.6 1045.5 1086.7 1200.6 1312.2 

14206 1435.4 14470 14896 1593.61'nQ8 
1856.0 1859.0 2040.2 

---······--········ ·-------------·---- ___ , ________ .. ________ ,, ... ------------

Ta6Au!-1a 1 /npoOOAJICeHue/ 

m 42 MUH 13/2+ 222 4 290.4 375.3 385.6 558.0 695.0 0.54CE'K 9/2-

197 722.0 761.0 7730 872.3 8951 9570 
1261.0 1285.0 

g c<42J1utt 312- 387 2.8440C 1/2+ 152.2 173.8 3085 426.0 433.1 578.3 
585.0 791.0 1011.0 

m 1.41 I.IOC 7+ 222.9 301.5 426.3 505.2 588.8 635.3 

196 g o· 2 
695.4 723.5 

37MUH 191.8 240 3 253 2 494.0 503.0 184 40C 426.3 495.8 610.6 635.3 862.1 964.8 
1024.8 1036.4 1388.71434.4 1496.1 
1552.8 1622.5 2010.8 

-w 



Pb + rr- Ta6Aut~a 2 

A Tl Hg 
T117 Jl Ey/K3B/ T112 Jt: Ey/K3B/ 

1 2 3 4 5 6 7 

202 ~ 05MCeK 7+ - -
12.0 gH. 2- 440.2 509.8 9600 - o• 

201m 
2.1 MCeK 9/2- - -

9 73.540C 1/2- 135.3 1674 - 3/2-

m 37 MCeK 7+ - -
200 g 26.140C 2- 252.0 289.4 3092 367.9 476.8 5793 00 o+ 

661.4 701.6 711.8 7816 7871 828.3 
886.2 898.5 1205.7 12255 1254.11262.9 

12715 1362.9140761514.9 

199 
m 29MCeK 9/2- 43 MUH. 13/2+ 158.4 374.1 
g 7440C 1/2+ 158.4 195.1 208.2 247.2 284.0 333.9 ..., 1/2-

403.5 419.3 455.1 

m 1.8740C 7+ 215.6 226.2 259.6 260.0 274.0 282.8 - -
198 375.9 390.4 411.8 422 2 423.3 441.8 

489.6 519.2 541.0 587.2 636.7 7673 
g 5.3LIOC 2- 331.6 411.8 636.7 675.8 759.6 ... o• 

197 
m Q54MCeK 9/"£ 23.840C 13/2+ 133.9 278.9 
g 2.8440C 1/2+ 1319 152.2 1718 269.6 308.5 426.0 64.140C 1/T 774 

433.1 451.8 578.3 791.0 8570 

m 1.41<~0C 7+ 222.9 301.5 344.9 426.3 505.2 588.8 - -
196 2- 635.3 6954 7235 0+ g 1.8440C 426.3 6106 635.3 862.1 964.8 1024.8 00 

1036.4 1388.71434.41496.1 1552.81622 5 

Ta6Aut~a 2 /npoOO/IJICeHue/ 

1 2 3 4 5 6 7 

195 ~ 
l6ce1< 9/l" 40"'OC 13/f 261.8 
1.16"'OC 1/~ 225.8 242.1 247.3 279.0 562.0 9.540C 1/ 207.1 261.8 585.1 779.8 

194 m 32.8MUI 7+ 209.7 228.4 428.4 636.8 734.7 748.9 - a+ 9 33 MUH "L 428.4 636.8 734.7 748.9 1.3 roga 

m 2.11 MUH 9/2- 11.14CIC 13/2+ 186.4 218.0 219.7 258.0 382.6 394.1 
193 

23MUH 1/T 3/l" 
4077 499.8 535.6 537.6 573.2 932.5 

9 3 1.10C 186.8 574.0 762.0 855.0 

192 m 11 MUH 7+ - a+ 9 9.5MUH 2- 4.9LIOC 157. 2 186.4 274.8 

... 
Cll 



Ta6Auija 3 

A Hg AU· 
T112 j" Er/K3B/ T112 J~ El( /K3B/ 

1 2 3 4 5 6 7 

201 ~ - - - -
oc 3/T 264MUH - 135.3 1674 5170 5426 6132 

m - - 18.7Yac 12- 1461 218.5 2559 332 8 3680 497 8 
200 o· - 5793 7595 

9 00 484MUH 1 3579 12255 12630 

199 ~ 42.6MUH 13/2+ 1584 374.1 
3/2+ OCI 1/2- 3J3 9 H 1584 208.2 

198 ~ - - 227gH 12- 180.3 204.1 214.9 333.8 
oCI o• 2.69 9H 2- 411.8 675.9 

197 ~ 
23.840C 13/2+ 133.9 278.9 72 ceK 11/2-
64.1'-tOC 1/2- 774 ..., 3/2. 

196 m 9.7'-tOC 12 - 1375 1477 168.3 264.0 285.5 3162 - o• 9 00 618 QH. 2-

m 40 l.fQC 13/t 2070 261.8 279.2 318.5 368 4 386.3 3Q5ceK 11/2-

195 9 1/2-
3879 452.0 4673 5602 

312" 9.5'-tOC 180.1 2a7.1 2415 261.8 4395 585.1 183 9H 
599.7 7798 841.2 1111.0 1172.4 

194 
m 0.4 ceK - - -
9 l3nem o• 39540C 1- 293.6 328.5 

m 11.1'-tQC 13/2+ 186.4 218.0 219.7 258.0 290.7 3418 3.9ceK 11/2-

193 345.4 364.3 382.6 394.1 407.7 499.8 
5356 5376 573.2 8777 913.1 932.5 

g 3"lOC 3/2- 186.8 574.0 762.0 855.0 176'-!0C 3tt 1735 186.2 268.2 439.0 

Tl + Tf Ta6Auija 3 /npoooAJICeHue/ 

1 2 3 4 5 6 7 

192 ~ - cr - -
4.9t.!OC so~ac 1 - 295.9 308.5 316.5 468.0 4772 593.3 

604.3 612.4 878.7 1061.5 1126.9 1140.2 
1422.9 1576.7 

191 ~ -
13/2+ 

Q.92ceK 11/2: 
50.8MUH 224 9 241.4 252.6 274.1 331.6 3570 3.2 l.lOC 3/2 136.1 158.8 166.5 206.4 284.0 368.7 

371.0 409.7 420.3 536.1 578.7 408.3 4215 478.8 487.5 586.4 674.2 



Ta6AU!la 4 

3KcnepHMeHTanLHLie .IJ.aHHLie 06 OTHOWeHHH BepOJITHOCTeH 
nornmueHHJI nuoua np,- H · pp -KnacTepaMH 

H.npo 

7Li 

9Be 

lOB 

II B 

c 

N 

0 
Al 

Cu 

Pb 
Bi 

Jlu111epa111ypa 

R ""Nn/N PP 

3,7;!:_1,0 

3,3:!:_0,9 

2,3:!:_0,8 

4,4:!:_1,3 

5,0:!:_1,5 

2,3:!:_4,0 
4,0:!:_1,3 
2,5:!:_1,0 
2,6:!:_0,3 
3,7:!:_1 '1 
3,15:!:_1,1 
3,8:!:_1 ,0 
3,9:!:_1,2 
2,4:!:_0,9 
2,0:!:_1,4 
4,7:!:_4,7 
1,5:!:_0,5 ua116onee 

BepOHTHOe 
5,0:!:_2,8 cpe.nHee 

B3BellleHHOe 

CcbJJIKa 

1111 

1111 

1111 

Ill! 

181 

191 
1101 
Ill! 
1121 
Ill! 
1121 
Ill I 
181 
Ill! 
Ill! 
Ill! 
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